The rat myocardium was injured by means of a hot probe applied to the exposed surface of the left ventricle and the sequence of electrocardiographic changes was studied. Administered potassium as potassium chloride aggravated the electrocardiographic changes, while the administration of DCA improved the cardiographic picture. It is suggested that the beneficial action of DCA may be dlue to its plasma potassium lowering effect.
IN RECENT years, a considerable volume of information has accumulated regyarding the cardiac effects of alterations in the extracellular potassium concentration. As the potassium concentration rises there is a sequence of electrocardiographic changes characterizeci by an increase in the height of the T wave, a disappearance of the P wave, a broadening of the QRS complex and finally, cardiac arrest in diastole.'-' In contrast, a diminution in the potassium concentration is reflected mainly in a flattening of the T wave.5 '8 While the marked effects of variation in potassium concentration on cardiac function seem to be well established, there is no settled opinion as to the fate of cardiac potassium in heart disease. It has been shown that in some types of chronic heart disease the myocardial tissue loses potassium,9' 10 but whether this is an additional handicap is not definitely known. Evidence has also been sought regarding changes in potassium concentration or distribution in acute myocardial infarction, but thus far the data are inconclusive. '1-4 It seemed to us of some importance to obtain further evidence regarding the role of potassium in acute focal cardiac damage. Presum atively large segment of heart muscle. Furthermore, it has been shown by Selye'6 that in the alarm phase of the general adaptation syndrome there is a tendency towards an accumulation of serum potassium. The acute development of an area of cardiac necrosis might certainly be expected to act as an alarming stimulus. Consequently, it might be argued that there is not only a local accumulation of potassium adjacent to the necrotic area, but also a general accumulation of this ion as a result of the nonspecific effects of sudden damage.
It seemed to us that such a disturbance in potassium as here postulated could be studied indirectly. Thus, the electrocardiographic response of animals with acute myocardial damage might be expected to become aggravated in the presence of administered potassium, while improvement might follow treatment aimed at accelerating the removal of potassium.
AEIETHODS
Albino rats were used throughout and methods were accordingly adapted to this species.
The electrocardiograph. A string galvanometer with the modifications described by Rappaport and Rappaportl7 was used. With this equipment, Lead I is sometimes very small, owing to the vertical position of the rat heart, and rotation of the animal to right or left changes the amplitude of the complexes in this lead. To overcome these drawbacks a tilt-board was designed. The skin web between digits was pierced by a sharp surgical needle attached to the center of each silvered electrode plate, and jelly was also applied. This ing electrode was applied with jelly to the shaved chest. The electrode placed about 1 cm. to the left of the xiphisternum yielded a highly variable pattern. This was to be expected in view of the relative size of electrode and heart. In this study of myocardial injury, however, it became important to use "Lead IV"
to reinforce the findings in the standard first lead, especially since sharp inversion of the T wave in Lead IV never occurred spontaneously in the normal animal, although the S-T segment and T wave in this lead were sometimes slurred below the line.
Experiment 1
This experiment was designed as a preliminary study of the effect of thoracotomy and of myocardial damage on the electrocardiogram and on the plasma potassium concentration. Twenty-six male albino rats of an inbred Wistar strain, weighing approximately 250 grams each, were divided into three groups.
Group I, consisting of 10 animals, served as untreated control. The 8 animals of Group II were subjected to a sham thoracotomy operation. The 8 animals of Group III were subjected to myocardial injury according to the method described. All animals received Purina Fox Chow and water ad libitum.
Electrocardiographic tracings were obtained in all animals on the day preceding operation and again on the first, second, and third postoperative days. By the second or third postoperative day electrocardiographic evidence of myocardial injury was maximal. Blood was taken on the third day by heart puncture for the determination of plasma potassium according to the method of Polley.li The animals were then killed and the gross appearance of the heart noted before fixation. Sections of heart were then stained with hematoxylin and eosin and examined microscopically.
Electrocardiograms Among its many other effects, DCA is known to lower the plasma potassium concentration. For this reason it was administered to the animals of Group IV. Three one-third portions of a 75 mg. Cortate pellet were separately implanted subcutaneously in each animal at the time of operation.
An electrocardiographic tracing was taken each day for three days postoperatively in all animals. Blood samples were taken by heart puncture on the third postoperative day, about six hours after the last potassium chloride injection, following which the animals were killed. Table 1 presents the essential findings. Electrocardiographic changes are denoted as definite or suggestive, according to the criteria stated for the preceding experiment. For level in Group III, these animals were probably subjected to transient elevations in the quantity of circulating potassium.
One animal in Group III and one in Group IV succumbed as a result of gross infection. This factor was controlled in the third experiment of the series by the administration of penicillin.
Taken as a whole, this experiment suggests that a high potassium intake adversely affects the injured myocardium as measured by the electrocardiogram. In the potassium-treated group, not only did more animals develop electrocardiographic changes (7 out of 8) in contrast with the control injured group, but also more showed a marked change (6 out of 8) even when the injury and pericarditis were not especially severe. This finding is in agreement convenience in assessing results the pathologic changes were graded plus 1 to plus 4. The untreated control group showed neither electrocardiographic abnormality nor cardiac pathology.
Four of the 7 untreated injured animals of Group II developed electrocardiographic evidence of injury. In contrast, 7 of the 8 animals in Group III, given added potassium, developed changes. On the other hand, only 2 of the 8 animals in Group IV, given DCA, showed cardiographic evidence of damage. The degree of injury and pericarditis in the three groups was closely comparable.
The plasma potassium concentration was altered only in the group treated with DCA. Here the treatment was quite effective in lowering the plasma potassium within the threeday period. It should be pointed out that despite the lack of an altered plasma potassium with the observation of Sharpey-Shafer19 that in man the administration of potassium exaggerated the pattern of infarction and increased the inversion of the T wave. These results contrast with the observation that only 2 of the 8 DCA-treated animals in which the potassium level was lowered developed an altered electrocardiographic pattern.
Experiment 3
This experiment was designed to enlarge upon the effect of DCA treatment on the damaged heart by using a larger series of animals. Penicillin was used to control the variable of infection, and an attempt was made to produce a more severe injury so that a beneficial effect of DCA might be more easily observed.
Thirty-eight male albino rats of an inbred Wistar strain, weighing approximately 100 2IOTASSIUM AND DCA IN ACUTE HEART INJURY grams each, were divided into three groups.
Electrocardiograms. No changes were ohGroup I, consisting of 6) animals, served as served in the control group. untreated control. The remaining 32 animals
In Group II, injured and without subsequent were subjected to myocardial injury, half of treatment, all 16 animals showed electrocardiothese (Group II) receiving no treatment and graphic evidence of damage. Of these, 14 half (Group III) receiving DCA treatment showed the marked type of change. postoperatively as described in the previous Of the 16 animals receiving DCA, CGoup III, experiment. In applying the hot probe to the 14 showed electrocardiographic changes. Ten region of the apex of the heart an effort was of these were of the marked type. Again, the made to secure a greater degree of injury than degree of injury and pericarditis in the two previously by holding the probe against the injured groups was closely parallel. heart for a longer period.
In this experiment the animals were followed In the week previous to operation, 4-lead for six days so that it was possible to observe electrocardiograms were taken on all 38 anitheir progress which, in many cases, tended Table 2 presents the findings, using the criteria previously described.
Two animals in Group II, the untreated injured group, died during the course of the experiment. In one, the only ascertained cause of death was the myocardial injury. The second animal succumbed some time after an Evipal injection, although the dose used had previously been well tolerated. toward electrocardiographic recovery. Since changes in the T wave in Lead I and the S-T' segment in Lead I afforded the best electrocardiographic evidence of damage, it was felt that a tracing could not be considered normal until these segments were within the normal range. Although T1 was often small and to some extent variable it was never found below the isoelectric line in the normal. A tracing was therefore considered to have become normal when the affected T1 segment became perfectly isoelectric. Figure 2 illustrates a typical tracing, showing progression from a definitely changed pattern back to normal. Similarly, partial recovery was considered to have occurred when the abnormal pattern was obviously regressing but the T segment was still below the isoelectric line. Table 2 includes the electrocardiographic progress of the treated and untreated injured animals. It is apparent that the animals treated with DCA recovered a normal pattern more quickly than the untreated group. Thus, of the 14 animals in Group III (DCA-treated) which showed electrocardiographic changes,
DISCUSSION
As a working hypothesis, it was postulated that the release of potassium from a necrotic area of heart muscle might affect the electrical potentials developed in the surrounding zone. On this premise, the electrocardiogram in rats with a myocardial injury was studied in order to ascertain whether the administration of potassium or, conversely, its lowering, would Myocardial injury was produced in rats by searing a small area of the epicardial surface. The evolution of electrocardiographic changes was followed.
2. The administration of added potassium parenterally and in the drinking water increased the severity of electrocardiographic changes, while treatment with DCA had an apparently beneficial effect.
